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Description 

This invention relates to a process and apparatus for producing carbon blacks which, when used in 
rubber compounds for reinforcement, impart both high resilience and high abrasion resistance properties to 
5 the resultant carbon black-containing rubber compounds. 

In recent years, there has been a worldwide demand to improve the fuel efficiency of automobiles in 
order to conserve the world's limited supply of petroleum based hydrocarbons. 

Studies have indicated that a relatively large amount of the energy consumed by an automobile is used 
to overcome the rolling resistance of its tires caused by hysteresis losses in the tire tread compounds. 
10 Therefore, automobile manufacturers have put rigid specifications on original equipment tires to reduce 
rolling loss by hysteresis, while maintaining treadwear resistance, traction, and handling characteristics. As 
these specifications became more and more demanding, the tire suppliers have asked their suppliers of 
polymers and carbon black, the two largest components in tires, to assist them by producing materials that 
will decrease hysteresis losses in tire tread compounds. 
15 Carbon black producers have been active in trying to develop new grades of carbon black that impart 
good treadwear properties with decreased hysteresis properties, while maintaining satisfactory traction and 
handling characteristics. It has been found that changing the balance between treadwear and hysteresis 
properties of carbon black is very difficult to achieve by conventional manufacturing methods. In general, 
decreases in hysteresis values are accompanied by decreases in treadwear resistance, and vice versa. 
20 In a carbon black reactor with linear flow pattern (see Figure 1), it is customary to inject carbon black 
feedstock oil through multiple hydraulic spray nozzles into a hot combustion gas stream emanating from a 
combustion zone located upstream of the carbon black feedstock oil injection point. It is further customary 
to inject the atomized carbon black feedstock oil radially inwardly and/or outwardly at essentially a right 
angle to the direction of flow of the hot combustion gas stream in order to disperse the feedstock oil 
25 uniformly into the hot combustion gas stream. The total flow of carbon black feedstock oil is metered as a 
single stream even though this stream is subdivided into multiple streams for injection into the hot 
combustion gas stream. 

Patently the foregoing techniques utilizing the reactors currently employed do not provide carbon black 
products with the aforedescribed desiderata. 
30 The following references are illustrative of the various apparatus and process used for making carbon 
blacks: 
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Additionally, it is known from US-A-4391789 that a plurality of feedstock oil injection points are situated 
in different regions of a conical reaction zone. Combustion gases are generated in a swirling pattern and 
there is increasing turbulence in the conical reaction zone. It is suggested that amounts of feed and 
additives may be varied in order to vary the aggregate size distribution of particles in a particular size 
so range. 

In contrast, in the present invention combustion gas is delivered to an injection zone in linear fashion, 
and independently controlled streams of feedstock oil are fed to respective segments of the flow of 
combustion gas. Two or more separate parallel carbon black forming reactions are made to occur 
simultaneously in the reactor. By controlling the amount of feedstock oil injected into each of the separated 
55 injection zones, so that 10 to 60% of the total feedstock is fed to a first segment of flow and 90 to 40% to a 
second, carbon black products of similar or widely ranging particle sizes and/or specific surface areas can 
be produced simultaneously in the reactor. This method of carbon black feedstock oil injection provides a 
means for producing carbon black particles of a much wider size range than would normally occur when 
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using conventional methods of feedstock oil injection. 

Those skilled in the art of carbon black manufacturing are aware that carbon black products consist 
almost entirely of aggregates of multiple carbon black particles fused to one another to form clusterlike 
and/or chainlike aggregate shapes. These aggregates, variable in both size and shape, are predominantly 
5 formed in the reaction zone of the reactor, where highly turbulent flow of the process gas stream, containing 
carbon black particles, occurs. Particle collisions, under high temperature conditions in the reactor reaction 
zone, causes the particles to fuse into aggregates. 

It is postulated but by no means to be considered limitative of the present invention that the carbon 
black aggregates created by this invention are different from those created by conventional methods in that 
to the aggregates formed by this invention are composed of a much wider range of particle sizes than those 
formed by conventional methods. It is believed that this change in aggregate composition plays a major role 
in achieving the improved dynamic properties demonstrated by the use of carbon blacks produced by this 
invention. 

It is therefore an object of this invention to provide an apparatus and process by which carbon blacks, 
15 imparting improved dynamic properties and good treadwear in the tire tread compounds in which they are 
used for reinforcement, may be produced. 

It is a further object of this invention to provide an apparatus and process by which carbon blacks may 
be produced with dynamic properties similar to conventionally produced carbon blacks, but with improved 
treadwear resistance in the rubber compounds in which they are used. 
20 In the drawings : 

Figure 1 is a longitudinal sectional view of a typical carbon black reactor or furnace used to carry out the 
process described in this invention. 

Figures 2 and 3 are cross sectional views of the carbon black reactor or furnace at points A-A and B-B 
shown in Figure 1 . 

25 Figure 4 is a cross sectional view at points A-A or B-B when producing carbon blacks by conventional 
procedures. 

The carbon black reactor shown in Figure 1 is a modular type reactor. The term modular is used to 
denote that the reactor is composed of modules or sections, each having a specific function, with the 
modules joined together sequentially so as to provide a means to carry out the carbon black manufacturing 
30 process in a continuous stepwise manner. 

In longitudinal sequence, the reactor is divided into four sections or modules. Referring to Figure 1 , 
Section 1 is a combination air distribution and combustion zone, Section 2 is a carbon black feedstock oil 
injection zone, Section 3 is a reaction zone, and Section 4 is a reaction quench zone. 

In operation, preheated air for combustion is supplied to the carbon black reactor under sufficient 
35 pressure to overcome the pressure drops encountered in the reactor and downstream equipments. This air 
enters the reactor through conduit 5 and into the annular space 6 between outer reactor shell 7 and the 
inner combustion chamber shell 8. The air then travels in a direction toward the reactor head 9 through the 
annular space 6 between the outer and inner shells, 7 and 8. 

Multiple longitudinal vanes 10 are located in the annular space 6. These vanes are rigidly attached to 
40 the inner combustion chamber shell 8 and serve three purposes. Firstly, they impart a linear, non swirling, 
flow direction to the air stream. Secondly, they provide heat transfer surfaces to conduct heat from the 
refractory lining 11 surrounding the combustion zone 1, through the inner shell 8 and vanes 10 into the air 
stream. This heat transfer further serves to partially cool the refractory lining 11 and allow higher flame 
temperatures to be maintained in combustion zone 1. Thirdly, the vanes 10 provide a mechanical support to 
45 keep the inner combustion chamber shell 8 concentrically located inside the reactor outer shell 7. 

After passing through the vaned portion of annular space 6, the combustion air passes through an air 
plenum chamber 12, located adjacent to the reactor head 9, and thence into the combustion zone 1 through 
a concentric circular orifice 13, located at the upstream end of combustion zone 1. 

A fuel injection device 14, mounted in the reactor head 9 is provided to inject and disperse a 
so hydrocarbon fuel into the combustion air stream as it passes through orifice 13 and into combustion zone 1. 
The fuel used may be either a liquid or gaseous hydrocarbon. When a liquid hydrocarbon is used as a fuel, 
it is normal practice to preheat the fuel to increase its rate of vaporization for more rapid ignition. Gaseous 
hydrocarbon fuels may be injected at or near ambient temperatures without encountering delayed ignition 
problems. It is also normal practice to inject a small amount of air into the injection device to cool it and 
55 protect the metallic components of the fuel injection device from overheating damage. 

It is desirable to maintain as high a flame temperature as possible in the combustion zone 1 of the 
reactor, consistent with staying within the temperature service limits of the refractory linings in the reactor. 
Refractory linings of essentially pure aluminum or composite aluminum oxide - chromic oxide refractories 
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are commonly used for this service. 

In the example shown in this invention application, the air preheat temperatures and fuel injection rates 
used are selected to result in a theoretical flame temperature of about 3500 * F (1927*C) in the combustion 
zone 1 of the reactor. 

5 In addition to maintaining a high flame temperature in the reactor combustion zone 1 , it is desirable to 
have some excess oxygen available after complete combustion of the fuel added through fuel injection 
device 14. This excess oxygen is consumed in the carbon black feedstock oil injection zone 2 of the reactor 
by burning a portion of the carbon black feedstock oil injection in zone 2. This additional combustion of 
feedstock hydrocarbons not only provide supplemental heat input onto the carbon black forming process, 

/o but also generates large numbers of combustion nuclei, upon which carbon black particles are formed. 

The combustion chamber in section or zone 1 of the reactor is formed in conical shape with its 
maximum diameter at the upstream end of zone 1 and continuously decreasing in diameter in a 
downstream longitudinal direction, so as to continuously increase the velocity of the gaseous process 
stream as it moves in a downstream direction. The volumetric capacity of the combustion zone 1 is 

15 sufficient to allow time for complete combustion of the fuel injected into the air stream through the fuel 
injection device 14. Other combustion chamber shapes may be used advantageously by those skilled in the 
art, but the conical shape shown provides a practical means of providing a uniform, linear (non-swirling) flow 
of hot combustion process gases into the feedstock oil injection zone 2 of the reactor. 

The feedstock oil injection Section 2 is a refractory lines zone consisting of a hot face refractory lining 

20 1 1 of the same refractory material used in the upstream combustion zone 1 . The hot face refractory lining 
11 is encased in an insulting refractory material 15 to protect the section shell 16 from excessive 
temperatures. 

The internal shape of the feedstock oil injection zone 2 is divided into two portions. The upstream 
portion 23 is a continuation of the internal conical shape of the combustion zone 1 . The downstream portion 
25 24 of Section 2 is a concentric cylindrical throat of fixed diameter. 

The feedstock oil injection zone 2 contains two or more sets of feedstock oil injection nozzles 17, with 
each set of nozzles 17 being longitudinally and laterally spaced apart from each other. It is preferred to 
install one set of feedstock oil injection nozzles 17 in the cylindrical throat portion 24 of Section 2, and to 
install one or more sets of feedstock oil injection nozzles in the upstream conically shaped portion 23 of 
30 Section 2. 

Each set of feedstock oil injection nozzles 17 consists of multiple hydraulic or gas atomizing nozzles 
uniformly spaced around the internal periphery of the reactor cross section and directed radially inwardly 
and generally perpendicular to the longitudinal centerline of the reactor. Instead of a right angle one may 
direct the nozzles and/or spray at other suitable angles e.g. 10* , 20' , 45* , 60 • , 75" , from the right angle 

35 and these may be in both directions from the normal. 

When producing conventional carbon blacks in a normal manner, only one set of feedstock oil injection 
nozzles is used. The selection of which set of feedstock oil injection nozzles to be used is partially 
determined by the "structure" desired in the carbon black product being produced. Carbon black 
"structure" is a relative term relating to the degree of aggregation of carbon black particles to form 

40 aggregates in the carbon black product being produced. Carbon black "structure" may be measured 
effectively by American Society for Testing Materials (ASTM) Methods D-2414 and/or D-3493. 

Carbon black products of lesser structure are normally produced by injecting carbon black feedstock oil 
into portion 24 of zone 2, where maximum velocity of the process gas stream occurs. Carbon black 
products of increased structure are normally produced by injecting the carbon black feedstock oil into 

45 portion 23 of zone 2, where lower process gas stream velocity occurs. When only two sets of feedstock oil 
injection nozzles are provided in the reactor, it is customary practice to locate one set of nozzles 17 in 
portion 24 of Section 2, and to locate the additionally set of nozzles 17 at a point in portion 23 of Section 2, 
where the internal cross sectional area of the reactor is greater than twice the internal cross sectional area 
of portion 24 of Section 2. It is well known to those skilled in the art that further adjustments of structure 

50 may be made by the addition of alkali metal salts into the combustion zone 1 of the reactor. 

As previously stated, it is normal practice to utilize only one set of feedstock oil injection nozzles when 
producing conventional grades of carbon blacks. Figure 4 is a typical cross sectional view of the carbon 
black feedstock oil injection when producing conventional carbon blacks in a normal manner. Carbon black 
feedstock oil, preheated to near its initial boiling point, is radially injected inwardly through multiple 

55 feedstock oil injection nozzles 1/ into the hot process gas stream generated in the combustion zone 1 of 
the reactor. Feedstock oil injection nozzles 17' are selected of proper size and spray angle to effect uniform 
distribution of atomized oil droplets over as much of the reactor internal cross section as can be practically 
achieved. 
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This method of carbon black feedstock oil injection forces rapid and intimate contact between the 
atomized feedstock oil droplets and the high temperature combustion gas process stream flowing from zone 
1 of the reactor. This results in rapid vaporization of the carbon black feedstock oil, thermal dissociation of 
hydrogen from the feedstock oil hydrocarbons, and pyrolysis of the hydrogen deficient feedstock oil 
s hydrocarbons into pyrolysis products of very high molecular weight. 

Referring to Figure 1 , these reactions, initiated in Section 2 of the reactor, continue at a very rapid rate 
as the reactant mass flows into and through section or zone 3 of the reactor. Reaction zone 3 is a 
cylindrical section, having an internal diameter approximately twice the internal diameter of portion 24 of 
zone 2. This section has hot face refractory lining 11, encased inside an insulating refractory lining 18, and 
10 enclosed by the external reactor shell 19. 

As the endothermic process reactions continue in reaction zone 3 of the reactor, the reactant mass 
starts to cool and condensation of the pyrolized reaction products starts to occur on the surfaces of 
combustion nuclei generated primarily in zone 2 of the reactor. Condensation of the pyrolized reaction 
products create very small spherical particles, which continue to grow in size as long as condensable 
75 pyrolysis products are available. 

It is likely that the condensed particles formed are initially highly viscous liquid or semi-solid spherical 
particles when first formed. It is further likely that continued dehydrogeneration occurs under the high 
temperature conditions prevailing, which transforms these particles to solid particles, consisting primarily of 
elemental carbon. 

20 Highly turbulent flow conditions are encountered in reaction zone 3, due to eddy currents created by 
the sudden enlargement of reactor internal diameter between zone 2 and zone 3. These turbulent flow 
conditions create intensive mixing of the reactant mass and promote collisions of particles while still in their 
formative stage. Under these conditions, particles easily fuse together upon collision, creating aggregates of 
particles, rather than individual spherical particles in final product form. This aggregation of carbon black 

25 particles is referred to as "structure". 

The further dehydrogenation of particles continues to occur gradually as the reactant mass proceeds 
downstream into quench section or zone 4 of the reactor. Dehydrogenation is finally terminated in zone 4 by 
cooling the reactant mass below temperatures required for dehydrogenation. 

This cooling of the reactant mass is accomplished by spraying water directly into the process stream 

30 through one or more quench spray nozzles 22 in reaction quench section or zone 4. This water is rapidly 
evaporated, thus cooling the process stream by heat absorption. 

Reaction quench zone 4 consists of multiple cylindrical sections, lines with a temperature and spall 
resistant refractory lining 20, and encased in reactor shell sections 21 . Multiple quench spray ports 22 are 
provided along the longitudinal length of zone 4, so that reaction residence times may be adjusted by 

35 quench position. 

After cooling the process stream by quenching with water, the process stream containing entrained 
carbon black, flows to conventional downstream equipment where further heat transfer and separation of the 
carbon black from the remainder of the process stream is accomplished by conventional means. Those 
skilled in the art are familiar with the required downstream operations. 

40 

Description of the Process 

The process of this invention is carried out using the carbon black reactor previously described, except 
that additional carbon black feedstock oil control loops are provided, so that two or more separately 

45 controlled streams of carbon black feedstock oil may be independently utilized in operation of the process. 

It has been discovered that by separately controlling two or more carbon black feedstock oil streams 
and distributing these streams into separate segments of the hot combustion gas process stream generated 
in the combustion zone 1 of the reactor, it is possible to effect and control multiple carbon black forming 
reactions simultaneously in the same reactor, resulting in unique carbon black products that impart 

50 decreased hysteresis losses and/or increased treadwear resistance when compounded in automotive tire 
tread compounds. The term automotive includes all transportation vehicles such as motorcycles, auto- 
mobiles, and trucks. 

These carbon black products are also useful in other rubber compounding applications where low 
hysteresis loss, increased resilience and increased abrasion resistance is desirable. 
55 Operation of the reactor when utilizing the process of this invention follows generally the reactor 
operation for producing convention carbon black products except for the method and control of injection of 
carbon black feedstock oil in zone 2 of the reactor. 

In the instant process, part of the carbon black feedstock oil is injected and dispersed into a segment of 
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the hot combustion gas stream in portion 23 of zone 2, with the remaining carbon black feedstock oil 
injected and dispersed in portion 24 of zone 2 in the remaining segment of the hot combustion gas stream 
not utilized in portion 23 of zone 2. 

The relative proportions of feedstock oil injected in portions 23 and 24 and the relative proportions of 
5 the hot combustion gas stream utilized at the points of carbon black feedstock oil injection may be varied 
advantageously to produce different carbon black products. 

Figures 2 and 3 are illustrations of the feedstock oil injection in this process in which approximately 50 
percent of the hot combustion gas stream is utilized in portion 23 of zone 2, and the remaining 50 percent 
of the hot combustion gas stream is utilized in portion 24 of zone 2. Generally about 15 to 75 percent of the 
io hot combustion gas stream can be utilized in portion 23 of zone 2, with the remaining 25 to 85 percent of 
the hot combustion gas stream being utilized in portion 24 of zone 2. In a preferred embodiment of this 
process, approximately 25 to 50 percent of the hot combustion gas stream is utilized in portion 23 of zone 
2, with the remaining 50 to 75 percent of the hot combustion gas stream being utilized in portion 24 of zone 
2. 

75 Similarly, the proportions of carbon black feedstock oil being injected into portions 23 and 24 of zone 2 
may be varied to produce carbon black products with unique properties. Generally about 10 to 60 percent 
of carbon black feedstock oil may be injected into portion 23 of zone 2 with the remaining 40 to 90 percent 
of the carbon black feedstock oil being injected into portion 24 of zone 2. In a preferred embodiment of this 
process, 20 to 30 percent of the carbon black feedstock oil is injected into portion 23 of zone 2, with 70 to 

20 80 percent of the feedstock oil injected into portion 24 of zone 2. 

It is possible to operate the process with both streams of carbon black feedstock oil being injected at 
the same longitudinal position in the reactor, but it is preferred to separate the points of feedstock oil 
injection longitudinally in the reactor, since the dynamic properties imparted by the carbon black products 
of this invention are greatly improved if the residence time of the reactant mass created by the upstream 

25 feedstock oil injection is longer than the residence time of the downstream reactant mass by at least about 
half of a milli-second and preferably by at least about one millisecond. 

It is believed that the carbon black aggregates formed in reaction zone 3 of the reactor are different 
than those formed in the conventional process in that the aggregates formed by the process of this 
invention are composed of particles having a wider size distribution. It is believed that this difference in 

30 aggregate composition contributes to the improved dynamic properties of rubber compounds containing 
carbon black products produced by the process of this invention. Of course, as stated earlier, it is clearly 
not the purpose of such postulations to have the invention limited thereto but only to the features of the 
process; apparatus and carbon black products described herein. 

The following examples will serve to illustrate the present invention without being deemed limitative 

as thereof. Parts where given, are by weight, unless indicated otherwise. 



Carbon black products utilizing the process of this invention are produced in a carbon black reactor in 
40 accordance with Figure 1 of the drawings. The dimensions of this reactor were as follows: 



EXAMPLE 1 



Combustion Zone 1 



Maximum Internal Diameter 
Minimum Internal Diameter 
Length 



58.42 cm (23 inches) 
27.94 cm (1 1 inches) 
182.88 cm (72 inches) 



50 



Feedstock Oil Injection Zone 2 



55 



Maximum Diameter, Portion 23 
Minimum Diameter, Portion 23 
Length, Portion 23 
Internal Diameter, Portion 24 
Length, Portion 24 



27.94 cm (11 inches) 
15.24 cm (6 inches) 
45.72 cm (18 inches) 
15.24 cm (6 inches) 
30.48 cm (12 inches) 
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Reactor Zone 3 


Internal Diameter 
Length 


30.48 cm (12 inches) 
91.44 cm (36 inches) 



Reaction Quench Zone 4 


Internal Diameter 


30.48 cm (12 inches) 


Effective Length 


Variable 

30.48 cm - 137.16 cm (1 ft. to 4.5 ft.) 



Reactor operating conditions used to produce four products of this invention are shown in Table 1 . 



20 



25 



30 



35 



40 



45 



50 
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TABLE I 



Experimental 


OPERATING CONDITION 


EXAMPLE A 


EXAMPLE B 


EXAMPLE C 


EXAMPLE D 


CfimhiKtirtn Air Rat a Standard 


^Q7n /1 ah mr\\ 


qqi*; aiA o.(\f\\ 


oooo /<oc ^nn\ 

oo^o (loo.lUO) 


3829 (1 35,300) 


cubic metres per hour (SCFH 








/Standard Cliihir FAAt/Hnnr^ 










Combustion Air Preheat 


316(600) 


454 (850) 


454 (850) 


454 (850) 


Temperature - C* (F*) 








Natural Gas Fuel Rate 


404.1 (14,280) 


340.4 (12,030) 


339.9 (12,010) 


343.0 (12,120) 


Standard cubic metres per 






hour //Standard dihir 










Feet/Hour^ 










ThftnrAtiral nnmhn^tinn FIaiyia 


I ooa \Q,D£.£.) 




19^0 (o,4oo) 


1900 (3,452) 


Temoerature - * C ( * F\ 








Coolinn Air RatA - Standard 


1 / .U \0\Jv) 


i /mi (ouu) 


1 1 .0 (400) 


■i -i 1 i a r\r\\ 

1 1 .3 (400) 


ruhir mptrA^ npr hmir /^fiFH 










/Standard Pnhir Foot/Mm ir\\ 










Feedstock Oil Injection in 










Portion 23, Zone 2 










-Rate - kg/Hr (LbsVHr) 


252 (555) 


173 (380) 


265 (583) 


159 (350) 


—Preheat Temperature - * C 


204 (400) 


232 (450) 


227 (440) 


232 (450) 










— NTD - Di^tanpft from Nn77lA 


R7 ? /9fi t\\ 

Of .O \£.O.D) 


R7 1 /9ft R\ 
D/.O (<£0.DJ 


b/.o \£X>S>) 


67.3 (26.5) 


Pncitinn Tn riiQr^hamo FnrI r»f 
ruoiuuii iu L/io^>l Idiyo CilU UI 








7nnA 9 - pm /inf^H*ac\ 

£-\J\ IXJ \,\\\ \\\\\^\\X30} 












OU 




25 


37.5 


OuOUUMal nloo USoU TOT 










reea stock uispersion - a> 










Feedstock Oil Injection in 










Portion 24, Zone 2 










—Rata . Un/Wr /I he /Ur\ 


bob (l ,4UU; 


700 (1 ,540) 


624 (1 ,373) 


627 (1,381) 


--r re neat i emperature o 


209 (408) 


235 (455) 


232 (450) 


221 (430) 


CF) 








-NTD - Distance from Nozzle 


15.24 (6) 


15.24 (6) 


15.24(6) 


15.24 (6) 


Position To Discharge End of 






Zone 2 - cm (inches) 










-Reactor Internal Cross 


50 


50 


75 


62.5 


Sectional Area Used for 










Feedstock Oil Dispersion - % 










QTD - Distance From 


17.78-15.24 (7-6) 


12.7-15.24 (5-6) 


10.16-0 (4-0) 


10.16-0 (4-0) 


Discharge End of Zone 2 to 








Quench Water Nozzle 22 










Position Feet - cm (inches) 











Each of the experimental examples were tested for analytical values along with four commercially 
produced conventional grades of carbon blacks for comparative purposes. 

Each of these carbon blacks were also compounded into rubber formulation and the properties of the 
resultant rubber compounds were determined for comparison. 

Impact resilience by the pendulum rebound method (ASTM D 1054) was determined for each of the 
carbon blacks in a natural rubber formulation (ASTM D 3192) and in a styrene-butadiene synthetic rubber 
formulation (ASTM D 3191). Resilience values were compared to those obtained using Industry Reference 
Black #6 as a reference. 

Each of the carbon blacks were also compound into the following tire tread rubber formulation: 
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INGREDIENT 


PHR 


Duradene 750 (1) 


91.7 


Duradene 706 (1) 


33.3 


Maroon DOCK 


/U.U 


Zinc Oxide 


3.0 


Stearic Acid 


2.0 


Sunolite 240 (2) 


2.0 


Flexzone 3-C (3) 


1.0 


Santocure MOR (4) 


1.0 


Sulfur 


2.0 




206.0 



(1) Trademark of Firestone Tire & Rubber Co. 
'5 (2) Trademark of Sun Oil Co. 

(3) Trademark of Uniroyal Chemical Co. 

(4) Trademark of Monsanto Chemical Co. 



Vulcanized test specimens were prepared representing each of the carbon blacks in the above tire 
tread rubber formulation. Dynamic Modulus, Loss Modulus, and Loss Tangent values were determined on 
each of the test specimens, utilizing an MTS Model 831 Elastomer Test System. 

Additionally, each of the above compounds were used to produce multisection tread, radial type 
automotive test tires, and these tires were subjected to roadway testing to determine rates of treadwear for 
each of the compounds containing both conventional and experimental grades of carbon black. 

Carbon black analytical values, and rubber compound test values for each of the carbon blacks are 
summarized in Table II. 

The analytical and rubber compound test values shown in Table II were derived by standardized test 
methods of the American Society for Testing Materials, or by proprietary test methods used by Witco 
Corporation. ASTM test procedures used are designated by the appropriate ASTM test number. Description 
of the Witco Corporation test procedures are given below as Tests A, B, and C. 

Comparison of Test Results 

It is known to those skilled in the art that rolling resistance of automotive tread compounds correlates 
well with resilience test of those compounds at room temperature conditions. 

Examination of the test results shown in Table II indicates that the carbon blacks produced by this 
invention are impart improved resilience, as measured by the pendulum rebound method, when compared 
with conventionally produced carbon blacks of similar treadwear resistance. 

For comparison, N351 carbon black may be compared with Example A of this invention. Likewise, N339 
and N299 may be compared with Example B, and N234 may be compared with Example C and D of this 
invention. In every case, the carbon blacks of this invention are shown to impart improved compound 
resilience, in both natural rubber and synthetic rubber compound recipes. 

It is also known by those skilled in the art that rolling resistance of an automotive tire tread compound 
correlates well with hysteresis loss of those compounds when tested under dynamic conditions at room 
temperature. Hysteresis loss can be measured directly by dynamic testing equipment and relative 
hysteresis of various compounds may be derived by determining Loss Tangent, (Loss Modulus, E", divided 
by Elastic Modulus, E"). 



50 



55 
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Equipment: 

1. PARTICLE SIZE ANALYZER, "NICOMP 270" 
Available from: 

5 Pacific Scientific Corp. 

Hiac/Royco Instrument Division 
141 Jefferson Drive 
Minlo Park, CA 94025 

2. CELL DISRUPTOR, "ARTEK Model 300" (with standard 1.91cm (3/4") Titanium Tip). 
io Available from: 

ARTEK Systems Corporation 
170 Finn Court 
Farmingdale, NY 11735 

3. COMBINATION SONIC BATH & MAGNETIC STIRRER 

75 Standard laboratory model, approximately 500 cm 3 (ml) capacity. 

METHOD: 

A sample of carbon black is dispersed in water and then placed in the Nicomp 270 analyzer for the 
20 measurement of the mean aggregate size diameter. The Nicomp machine utilizes the technique of Dynamic 
Light Scattering (DLS) or, Photon Correlation Spectroscopy from the Brownian motion of the colloidal sized 
aggregates and proprietary software to generate size measurements. 

PROCEDURE: 

25 

Measure 1 g. of carbon black into 80 cm 3 (ml) water in a small beaker with a magnetic spin bar. Place 
in the sonic bath for three minutes and while still mixing withdraw 2 drips of solution with a dropper. Add the 
two drops of aqueous carbon black suspension and 1 drop of Triton X* solution to 50 cm 3 (ml.) of water in 
a small beaker (approx. 20 ppm). Insert the tip of the "Artek Dismembrator" probe into the beaker and 
30 sonicate for 5 minutes at 80% of indicated output power. The suspension is then cooled to room 
temperature and transferred to the Nicomp 270. The run mode is activated and approximately two million 
counts taken to ensure stability of the output date. The Gaussian distribution/intensity combination is 
preferred for the current correlation model. 

35 TEST B 

Dynamic Property Measurement 

Machine: MTS Model 831 Elastomer Test System 

40 MTS Systems Corporation 

Box 24012 

Minneapolis, Minnesota 55424 
Software: MTS 773 BASIC Version 02,08A (Software includes application programs furnished 

by MTS to perform dynamic property measurement) 
45 Sample: Sample is a 5.08 cm (2") diameter by 2.54 cm 3 (1 B ) high cylinder of molded 

elastomeric compound. 

Cure: The sample is vulcanized 20 minutes at 160*C (320 *F) and then rested 24 hours 

prior to test. 

Test Condition: All samples were tested at 12 Hertz. Test temperature was 21.1 *C (70 *F). Samples 
so were preconditioned for 1 hour at the specified temperature. The specimens were 

tested under two sets of dynamic test control. Thirty preconditioning cycles were run 
before the software captured test results. 

(A) Mean loan 0.910 MPa (132 psi) and dynamic load 0.910 MPa (132 psi) in 
compression. 

55 (b) Mean load 0.910 MPa (132 psi) in compression and dynamic displacement of 

0.0889 cm (0.0350") stroke resulting in 7.0% deflection (peak to peak). 

'Trademark of Rohm and Haas Co. 
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TEST C 

Method of Treadwear Index Dete rmination 

5 Using the formulation shown below, tread sections having five straight ribs are cured in a flat mold in a 
laboratory press for 45 minutes at 145* C (293 *F). Eight of the precured sections, one of which contains a 
control carbon black, are applied in a random order to a new P195/75R14 tire carcass from which the 
original tread has been ground away. A commercial precured tread recapping process is utilized to apply 
the experimental sections. Four tires each with identical sections are built to run for 12,875 km (8,000 miles) 

70 following an initial 805 km (500 mile) break in. Inflation pressure is 0.221 MPa (32 psi) and wheel load 514 
kg (1130 lbs). Tires are rotated in a forward X pattern and measured at each 1609 km (1,000 mile) interval. 
Wear rates of 3.28 to 2.54 km/mm (80 to 100 miles/mil) are maintained on the control sections. Regression 
equations are developed from the last five measurements and are used to calculate the 12,875 km (8,000 
mile) loss. From these loss values indexes are calculated with the control sections assigned a value of 100. 

75 



Treadwear Formulation 


INGREDIENT 


PHR 


Duradene 750 (1) 


91.7 


Duradene 706 (1) 


33.3 


Carbon Black 


70.0 


Zinc Oxide 


3.0 


Stearic Acid 


2.0 


Sunolite 240 (2) 


2.0 


Flexzone 3-C (3) 


1.0 


Santocure MOR (4) 


1.0 


Sulfur 


2.0 


Total Weight: 


206.0 



(1) Trademark of Firestone Tire & Rubber Co. 

(2) Trademark of Sun Oil Co. 

(3) Trademark of Uniroyal Chemical Co. 

(4) Trademark of Monsanto Chemical Co. 

35 

Loss Tangent values were determined for each of the compounds containing conventionally produced 
carbon blacks and carbon blacks produced by this invention, and the data is presented in Table II. Loss 
Tangent values were determined for two modes of dynamic load inputs at 21.1 °C (70 °F). Dynamic load 
input frequency was controlled at 12 Hertz, since this is the approximate rolling frequency of the test tires at 
40 a speed of 88.5 km per hour (55 miles per hour). 

Comparison of the relative hysteresis data (Loss Tangent values) again show that the carbon blacks 
produced by this invention impart lower hysteresis to the tread compounds than conventionally produced 
carbon blacks of equal treadwear resistance. 

Tables III and IV are graphic representations of the Loss Tangents versus Treadwear Indices of 
45 conventionally produced carbon blacks compared with carbon blacks produced by this invention. 

It can be readily seen than an improved hysteresis - treadwear relationship is imparted to automotive 
tread compounds by the use of the carbon blacks produced by this invention. 
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Claims 



A process for producing carbon black in a reactor, the process including generating combustion gases 
in a combustion zone (1), passing them to an injection zone (2), feeding feedstock oil into a linear flow 
of the combustion gases in the injection zone from a plurality of spaced-apart injection sites (17) to 
begin carbon black particle formation, and passing the flow to a reaction zone (3) 

characterized in that feeding of the feedstock oil occurs in at least two independently controlled 
streams from the spaced-apart injection sites (23,24) of the injection zone with 10 to 60% of the total 
feedstock oil being fed in a first of the streams to a first segment of the linear flow and 90 to 40% 
thereof to a second segment of the linear flow whereby different carbon black formation reactions 
respectively occur in different segments of the flow of the combustion gases in the injection zone (2), to 
produce carbon black having controlled particle sizes and structures. 
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2. A process according to claim 1 wherein 20% to 30% of the total feedstock oil is supplied to the first 
combustion gas stream segment and approximately 80% to 70% of the total feedstock oil is supplied to 
the second combustion gas stream segment. 

5 3. A process according to claim 1 or claim 2 wherein one of the separate carbon black feedstock oil 
injection sites (23) is upstream in the reactor and a second of the separate carbon black feedstock 
injection sites (24) is downstream in the reactor. 

4. A process according to claim 3 wherein the residence times of the reactants of said separate portions 
;o differ by at least one-half of a milli-second. 

5. A process according to claim 4 wherein the difference is at least one milli-second. 

6. A process according to claim 3, claim 4 or claim 5 wherein the upstream input zone has at least about 
15 twice the cross-sectional diameter of the downstream input zone. 

7. A process according to claim 6 wherein the upstream site (23) is in a conical portion of the zone and 
the downstream site (24) is in a substantially cylindrical portion of the zone. 

20 8. A process according to claim 1 wherein the injection sites are spaced laterally in the internal cross- 
section of the injection zone (2). 

9. A process according to any one of the preceding claims wherein a first said segment contains 15% to 
75% of the total combustion gas stream, and the second segment contains 85% to 25% of the total 

25 combustion gas stream. 

10. A process according to claim 8 wherein the first segment contains 25% to 50% of the total combustion 
gas stream and the second segment contains from approximately 75% to 50% of the total combustion 
gas stream. 

30 

11. A process according to claim 10 wherein said first and second segments of said combustion gas 
stream each comprise approximately 50% of the total combustion gas stream. 

12. A reactor for producing carbon black in accordance with the process claimed in any one of the 
35 preceding claims, said reactor comprising said combustion zone (1), said injection zone (2), a reaction 

zone (3) and a quenching zone (4), the combustion zone being adapted to feed gases into the injection 
zone (2) in a linear flow and in that the injection zone (2) contains multiple feedstock oil injection sites 
(17) characterized in that the reactor is arranged for simultaneous and independently controlled 
injection of the feedstock oil into respective segments of the flow of the combustion gases in 
40 proportions of 10 to 60% of the total feedstock oil into a first segment of the linear flow of the 
combustion gases and 90 to 40% into a second segment thereof. 

Patentanspriiche 

45 1. Verfahren zur Herstellung von Rufi in einem Reaktor, wobei das Verfahren das Erzeugen von 
Verbrennungsgasen in einer Verbrennungszone (1), ihr Weiterleiten zu einer Einspritzzone (2), das 
Zufuhren von AusgangsmaterialSI in einen linearen Strom der Verbrennungsgase in der Einspritzzone 
von einer Vielzahl im Abstand voneinander angeordneter Einspritzstellen (17), urn die Rufiteilchenbil- 
dung in Gang zu setzen, und das Schicken des Stroms zu einer Reaktionszone (3) umfam, 

50 dadurch gekennzeichnet, dafi das Zufuhren des Ausgangsmaterialols in zumindest zwei unabhangig 
voneinander gesteuerten Stromen von den im Abstand voneinander angeordneten Einspritzstellen (23, 
24) der Einspritzzone auftritt, wobei 10 bis 60% des gesamten Ausgangsmaterialols in einem ersten 
der Strome zu einem ersten Abschnitt des linearen Stroms und 90 bis 40% davon zu einem zweiten 
Abschnitt des linearen Stroms zugefuhrt wird, wodurch in verschiedenen Abschnitten des Stroms der 

55 Verbrennungsgase in der Einspritzzone (2) jeweils unterschiedliche RuiSbildungsreaktionen auftreten, 
urn RuB mit gesteuerten Teilchengrd/ten und -strukturen zu erzeugen. 

2. Verfahren nach Anspruch 1, worin 20% bis 30% des gesamten Ausgangsmaterialols dem ersten 
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Verbrennungsgasstromsegment zugeftihrt wird und etwa 80% bis 70% des gesamten Ausgangsmateri- 
alols dem zweiten Verbrennungsgasstromsegment zugefuhrt wird. 

3. Verfahren nach Anspruch 1 oder 2, worin eine der getrennten Ruflausgangsmaterialoleinspritzstellen 
5 (23) sich stromaufwarts im Reaktor befindet und eine zweite der getrennten Ruflausgangsmaterialein- 

spritzstellen (24) sich stromabwSrts im Reaktor befindet. 

4. Verfahren nach Anspruch 3, worin die Verweilzeiten der Reaktanten der genannten getrennten Ab- 
schnitte sich urn zumindest eine halbe Millisekunde unterscheiden. 

10 

5. Verfahren nach Anspruch 4, worin der Unterschied zumindest eine Millisekunde betragt. 

6. Verfahren nach Anspruch 3, 4 oder 5, worin die stromaufwSrts gelegene Inputzone zumindest etwa den 
doppelten Querschnittsdurchmesser der stromabwarts gelegenen Inputzone aufweist. 

15 

7. Verfahren nach Anspruch 6, worin die stromaufwarts gelegene Stelle (23) sich in einem konischen 
Abschnitt der Zone befindet und die stromabwarts gelegene Stelle (24) sich in einem im wesentlichen 
zylindrischen Abschnitt der Zone befindet. 

20 8. Verfahren nach Anspruch 1, worin die Einspritzstellen lateral im Abstand voneinander im inneren 
Querschnitt der Einspritzzone (2) angeordnet sind. 

9. Verfahren nach einem der vorhergehenden Anspruche, worin ein erster genannter Abschnitt 15% bis 
75% des gesamten Verbrennungsgasstroms enthalt, und der zweite Abschnitt 85% bis 25% des 

25 gesamten Verbrennungsgasstroms enthalt. 

10. Verfahren nach Anspruch 8, worin der erste Abschnitt 25% bis 50% des gesamten Verbrennungsgas- 
stroms enthalt und der zweite Abschnitt von etwa 75% bis 50% des gesamten Verbrennungsgasstroms 
enthalt. 

30 

11- Verfahren nach Anspruch 10, worin der genannte erste und zweite Abschnitt des genannten Verbren- 
nungsgasstroms jeweils etwa 50% des gesamten Verbrennungsgasstroms umfaflt. 

12. Reaktor zur Herstellung von Rufl gemafl dem in einem der vorhergehenden Anspruche beanspruchten 
35 Verfahren, wobei der genannte Reaktor die genannte Verbrennungszone (1), die genannte Einspritzzone 
(2), eine Reaktionszone (3) und eine Abbruchzone (4) umfatft, wobei die Verbrennungszone so 
ausgebildet ist, dafl Gase in einem linearen Strom in die Einspritzzone (2) zugefOhrt werden, und dafl 
die Einspritzzone (2) mehrere Ausgangsmaterialoleinspritzstellen (17) enthalt, dadurch gekennzeichnet, 
dafl der Reaktor zur gleichzeitigen und unabhangig gesteuerten Einspritzung des Ausgangsmaterialols 
40 in jeweilige Abschnitte des Stroms der Verbrennungsgase in Anteilen von 10 bis 60% des gesamten 
Ausgangsmaterialols in einen ersten Abschnitt des linearen Stroms der Verbrennungsgase und 90% bis 
40% in einen zweiten Abschnitt davon angeordnet ist. 

Revendlcatlons 

45 

1. Proced£ de production de noir de carbone dans un rSacteur, le procddS comprenant la generation de 
gaz de combustion dans une zone de combustion (1), leur passage vers une zone d'injection (2), la 
fourniture d'une huile comme charge d'alimentation dans un £coulement lin^aire des gaz de combus- 
tion, dans la zone d'injection, en provenance d'un certain nombre de sites espac^s dejection (17) pour 
so commencer la formation des particules de noir de carbone et le passage de I'ecoulement vers une 
zone de reaction (3) 

caract£ris6 en ce que 1'alimentation de I'huile comme charge d'alimentation se produit en au moins 
deux courants indSpendamment controls k partir des sites espac^s d'injection (23, 24) de la zone 
d'injection avec 10 k 60% de I'huile comme charge totale d'alimentation fournie dans un premier 
55 courant k un premier segment de I'ecoulement lingaire et 90 k 40% vers un second segment de 
I'ecoulement lin^aire, ainsi se produisent respectivement des reactions differentes de formation de noir 
de carbone en differents segments de I'ecoulement des gaz de combustion dans la zone d'injection (2) 
pour donner un noir de carbone ayant des failles de particules et des structures controls. 
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2. Proc6d6 selon la revendication 1, ou on fournit 20% a 30% de I'huile comme charge totale 
d'alimentation au premier segment du courant des gaz de combustion et environ 80% a 70% de I'huile 
comme charge totale d'alimentation sont fournis au second segment du courant de gaz de combustion. 

5 3. Proc6d6 selon la revendication 1 ou la revendication 2, ou Tun des sites separes (23) d'injection de 
I'huile comme charge d'alimentation de noir de carbone est en amont dans le r^acteur et un second 
des sites separes d'injection de la charge d'alimentation de noir de carbone (24) est en aval dans le 
r^acteur. 

w 4. Proc6d6 selon la revendication 3, ou les temps de residence des r^actifs dans lesdites portions 
s^parees different d'au moins la moiti£ d'une milliseconde. 

5. Proc6d6 selon la revendication 4, ou la difference est d'au moins une milliseconde. 

15 6. ProcddS selon la revendication 3 t la revendication 4 ou la revendication 5 ( ou la zone d'entr^e en 
amont a au moins a peu pres le double du diametre en section transversale de la zone d'entree en 
aval. 

7. Proc&Je selon la revendication 6, ou le site en amont (23) est dans une portion conique de la zone et 
20 le site en aval (24) est dans une portion sensiblement cylindrique de la zone. 

a Proc666 selon la revendication 1, ou les sites d'injection sont Iat6ralement espac^s dans la section 
transversale interne de la zone d'injection (2). 

25 9. Proc^de selon I'une quelconque des revendications pr^c^dentes, ou un premier segment contient 15% 
a 75% du courant total de gaz de combustion et le second segment contient 85% a 25% du courant 
total de gaz de combusiton. 

10. Proc§d£ selon la revendication 8, ou le premier segment contient 25% a 50% du courant total de gaz 
30 de combusiton et le second segment contient environ 75% a 50% du courant total de gaz de 

combustion. 

11. Proc6d6 selon la revendication 10, ou lesdits premier et second segments dudit courant de gaz de 
combustion forment environ 50% du courant total de gaz de combustion. 

35 

12. Reacteur pour produire du noir de carbone selon le proc6d6 revendique dans Tune quelconque des 
revendications pr^c^dentes, ledit rSacteur comprenant ladite zone de combustion (1), ladite zone 
d'injection (2), une zone de reaction (3) et une zone de trempe (4), la zone de combustion 6tant 
adapt^e a fournir des gaz dans la zone d'injection (2) en un 6coulement lin^aire et en ce que la zone 

40 d'injection (2) contient de multiples sites d'injection (17) de I'huile comme charge d'alimentation, 
caract6ris6 en ce que le reacteur est agenc£ pour une injection simultanee et independamment 
contr6l6e de I'huile comme charge d'alimentation dans les segments respectifs de I'dcoulement des 
gaz de combustion a des proportions de 10 a 60% de I'huile comme charge d'alimentation totale dans 
un premier segment de l^coulement lin^aire des gaz de combustion et de 90 a 40% dans un second 

45 segment. 
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